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ABSTRACT
REPLACING A DISPOSABLE SHIPPING CONTAINERWITH A
REUSABLE PACKAGING SYSTEM FOR A SUPPLIER
ELECTRONIC ASSEMBLY
By
Allen Perry
The following document will explore the topic of source reduction
in packaging design. The study will compare a disposable package for an
electronic motor assemblywith a reusable packaging system for the same
part. This project will provide a model for quantifying packaging source
reduction when comparing a disposable package design to a reusable one.
The results show that significant source reduction can be
accomplished if a reusable system is implemented. Source reduction will
also achieve significant cost savings if the costs are calculated over several
years.
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DEFINITION OF TERMS
Power Pack = A bulk shipper, usually consisting of a corrugated
container attached to a pallet.
Modular design = A package design that can be interchangeable
with other products.
Ergonomics = Providing features for the manufacturingworkers
for easy packing and unpacking.
Pipeline = Length of time allowing for transportation,
manufacturing and storage.
Class 100 = An air cleanliness level that allows for no more than
100 particles > 0.5 microns per cubic foot of air.
Knocked down = When packaging materials are shipped flat and
require assembly.
G = A unit of force equal to the gravity exerted on a
body at rest.
Decibel = A unit for expressing relative difference in sounds
loudness.
Hertz = A unit of frequency equal to 1 cycle per second.
vin
ABBREVIATIONS
DGR = Daily Going Rate
R3P2 = Reduce, Reuse, Recycle Protective Packaging
PET = Polyethylene Terephthalate
PE = Polyethylene
PS = Polystyrene
HDPE = High Density Polyethylene
dB = Decibel
Hz = Hertz
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CHAPTER 1
INTRODUCTION
Background
Implementing a reusable package is not a new or unique idea. What
is unique is trying to implement a reusable package in today's "throw
mind set. Disposable packaging is convenient, easy to manage and
relatively inexpensive. This perception makes it very difficult to implement
a reusable packaging system. A reusable system requires more time and
effort and requires a larger up front cash investment. The advantages of a
reusable system can only be realized when the cost of disposal and
environmental impacts are considered andwhen the costs are averaged
over a longer period of time.
Before World War II, designing and implementing a reusable
packaging system was normal. Beverages (milk, beer, soft drinks, etc.)
were delivered in reusable glass bottles, metal canisters and reusable
wooden crates. It was common to reuse materials and packaging. It was
considered wasteful to throw away anything that could be reused. During
WorldWar II, this attitude was advertised and promoted as an American
war effort. Saving materials such as tin foil, aluminum, steel, paper,
copper, cloth material, nylon, rubber, string and many other types of
objects was reducing the need for limited natural resources. It was one's
patriotic duty to conserve resources.
AfterWorldWar II, natural resources were not required for the war
effort, and convenience became a valued commodity. The war had been
won, businesses were prosperous and people were working. After work
people wanted entertainment; theater, movies, sports, dancing. As a
consequence time became a limited resource. T.V. dinners, disposable
razors, disposable diapers, disposable milk containers and fast food
restaurants were all new ideas and technologies to save time. An efficient
system ofwaste disposal made throwing away garbage easy, painless and
practically free. Landfills were plentiful and environmental issues were not
considered a problem. Society became used to wasting resources and
even promoted the new disposable age as progress. x
The economic and environmental costs ofwasting resources were
hidden or considered negligible. A large portion of the actual disposal cost
was and still is covered in various taxes and state and local budgets. The
1 Marinelli, Janet. "The disposable
Decade."
Garbage September -
October 1989 p: 32-33.
monthly fee paid by the consumer or business only covers a fraction of the
real cost. The actual costs to the environment and to the government's
budget over the years has become staggering. The nation spent $30 billion
in 1992 on waste disposal and is expected to spend $45 billion by 1995. A
study released by the Tellus Institute has assessed the cost of the
environmental and health impact from several packaging materials. Most
packaging materials ranged from $100 to $400 a ton in environmental and
health costs, while PET was $854 a ton and PVC was over $5,000 a
ton.2
As people became aware of the environmental issues and the cost of
disposingwaste, recycling became popular. Recycling became so popular
that a "throw it away so it can be attitude developed. Materials
were recycled even if there was no market for them and there is now a
very costly glut ofwaste paper, glass, plastic and other recycled materials.
It has been reported that a joint venture betweenWaste Management Inc.
and Du Pont to recycle PET and HDPE bottles ended in disaster. It was
discovered that it costs as much as $1,500 a ton to collect, sort and process
plastic bottles which only have a market value of $100 a
ton.3
The League ofWomen Voters. The Plastic Waste Primer.
New York : Lyons & Burford, 1993.
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Although recycling can be effective and should be pursued when it
makes sense, there is a more effective method of conserving resources and
that is reuse. Product and packaging reuse tops the Environmental
Protection Agency's hierarchy ofwaste reduction alternatives. When a
material is reused several times it conserves energy, natural resources and
reduces pollution.
Reusable packaging systems can be very difficult to implement. The
initial cost of purchasing reusable containers can be expensive and the
logistics of implementing a returnable loop can be complicated, requiring
more time and cooperation from manufacturing, purchasing and
production control. It is normal to encounter resistance from
management personnelwhen a reusable package design is proposed. One
way to overcome resistance is to document potential cost savings and
waste reduction that can be realized over the life of the program. A key
factor is to spread the cost out over time. By using the life of the program
( 2 to 5 year projections) the cost of a reusable system can become very
attractive. By adding the avoided cost of disposal of the packaging
3 Holusha, John. "Who Foots the Bill For
Recycling."
NewYork Times.
25 April 1993, sec. 3: 5.
materials and environmental benefits, a reusable system can become a
very cost effective alternative.
Purpose
The spindle motor assembly shipped to San Jose, Ca. from a vendor
in Japan is packaged in a one way, disposable bulk container made of triple
wall corrugated boardwith polystyrene foam inserts and vacuum formed
trays. This type ofpackaging is typical in the electronics industry. The
current packaging performs well as far as protecting spindle motors
through the distribution environment, however, it rates very poorly in
material conservation because the package makes only one trip. Source
reduction in packaging materials is a current challenge for packaging
engineers. One of the goals that our company is trying to attain is a 25%
reduction in materials entering the landfill by the end of 1995.
4
Recycling
is one method of reducing the amount ofmaterial entering the landfill,
but recycling alone is not the answer. In addition to recycling, source
reduction must also be looked at as away to reduce waste. Utilizing
This target was set by IBM Corporate and is also a general goal ofmany
industries and local governments.
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recycled materials in a package design and designing a reusable packaging
system are both source reduction techniques.
This research will address the process of developing a reusable
packaging system for spindle motors and will compare the material usage
and cost to a disposable system. The comparison studywill quantify the
source reduction potential for a reusable packaging system and document
the design process involved with implementing a returnable package. The
challenge is twofold: implementing a system for returning empty
containers to Japan in a cost effective manner, and to ensure cooperation
with manufacturing, shipping, and the motor vendor. In addition to a
reusable system, the package design will also be made from 100% post
consumer recycled corrugated material to maximize source reduction and
minimize the use ofvirgin rawmaterials.
Assumptions
The first assumption is that the spindle motor will have a projected
DGR of 5,000 parts per day.
The second assumption is that the vendor in Japan will cooperate
with implementing a new package design in its manufacturing process.
The third assumption is that the transportation costs for returning
the empty packaging to Japan will not be cost prohibitive and can be
negotiated.
The Delimitations
The studywill not provide detailed testing and analysis for shock
and vibration, but will limit the information to equal to or better
comparison data.
The study will not provide packaging material life cycle analysis
information.
CHAPTER 2
DISPOSABLE PACKAGE
Description
The current package for shipping an electronic motor assembly
from a Japanese vendor to a manufacturing facility in San Jose, California
is a disposable bulk shipper. The package design consists of a
thermoformed PET tray that holds 25 motors. The tray is sealed in a class
100 polyethylene bag. Two of these trays are placed in an expanded
polystyrene insert and 40 of these inserts are packed in a triple wall
corrugated container. The corrugated container is banded and nailed to a
wooden pallet. All of the packagingmaterials are used one time. (See
Figures 1-4.)
This is typical of packaging for fragile electronic components
shipped from Japan to the United States. Although the package provides
excellent protection for the motors during transportation, there is a large
amount ofwaste generated after each shipment. Recycling is an option in
handling the waste generated.
":':
Figure 1 Spindle Motor
Figure 2 Motors in PETG tray
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Figure 3 Polystyrene inserts in power pack
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Figure 4 Disposable power pack
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Material Data Inventory
The following materials are used in the disposable package for each
shipment of 2,000 motors.
Table 1
Pkg mtl. Dimensions
PET tray
13.5"
x
9"
x
1.75"
PE 2 mil bag
15"
x
11"
Polystyrene tray
21.25"
x 17.5 x
4"
Corrugated ctnr
41.5"
x
41.5"
x
40"
Wood pallet
41.5"
x
41.5"
x
4.5"
Total
Unit Qty Total wt
.35 lbs 80 28 lbs
.125 80 10 lbs
.42 lbs 40 17 lbs
50 lbs 1 50 lbs
28 lbs 1 28 lbs
133 lbs
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Estimate ofCosts for Disposable Package
The following costs for the disposable package are calculated on a
per motor bases. The cost of disposal takes into account recycling of
materials. Although the company may be paid a value for the recycled
materials, it has to pay the transportation cost to get materials to the
recycler. This offsets any net gain. As a result, recycling is roughly equal
to the cost of landfilling.
Table 2
MTL MTL$ QTY/PER $ PER MOTOR
PET tray ($2.25 / 25) $0.09
PE 2 mil bag ($0.40 / 25) $0,016
PS tray ($0.42 / 50) $0,008
Corrugated ctnr ($48.50 / 2,000) $0,024
Wood Pallet ($8.50 / 2,000) $0,004
Shipping cost ($145 / 2,000) $0,073
Disposal cost
Total cost per
($0.35 x
motor
44 c:.f. / 2,000) $0,008
$0,223
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Test performance
The following testing procedures were performed on the spindle
motor disposable package. These tests verify the performance of the
container and qualify its withstanding the types ofvibration and shock
levels encountered during the normal shipping cycle.5
Twenty five pre-inspected motors were used for qualifying the
package. Dummyweights were used to fill the package and simulate a full
load shipment.
Vibration
A sinusoidal sweep was performed for 10 minutes from 2 to 200 to
2 Hzwith an acceleration input of 0.3 G's. Two major frequencies were
found at 22.1 Hz and 90.3 Hz. The containerwas submitted to a 10
minute dwell for each major frequencywith an acceleration input of 0.5
G's. The containerwas then submitted to random vibration for 15
minutes with an input of 1.039 G's. See Appendix A-3,A-7,A-8,A-9,A-11,
A-12, and A-13.
5 Testing was performed in the IBM San Jose Packaging Test Lab and followed
the IBM Packaged Test Specification C-H 1-9711-005.
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Shock
Two vertical drops at 10 inches and 10 vertical drops at four inches
were performed. See data, Appendix A-15 to A-22.
Test Results
The motors were inspected and characterized before the tests, and
reinspected after the tests were completed. The inspection consisted of
measuring the acoustic performance of each motor. No change in motor
performance was seen and all of the motors met the criteria of 43 dB,
which is the vendors specified quality level for allowable motor bearing
noise. The disposable package successfully protected the spindle motor
from damage by the simulated distribution environment created during
testing. See lab report Appendix A-4.
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Summary Facts for Disposable Package
The disposable package dimensions are
41"
x
41"
x
44.5"
and the
container holds 2,000 motors. The shipping density is 44.4 motors per
cubic foot. The waste generated per part for the disposable container is
0.067 lbs or 0.22 cubic feet. The cost per part for shipping, packaging
materials and disposal is $0,223. The disposable container provides
acceptable shipping protection.
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CHAPTER 3
REUSABLE PACKAGE
Description
The reusable package design for the spindle motor uses the same
PET traywhich holds 25 motors. This tray can now be reused by simply
shipping it back in the reusable power pack. The PET trays fit into a
corrugated insert which is made from 100% post consumer paper (see
Figure 5). The inserts then fit into the reusable corrugated power pack
which is also made from 100% post consumer paper. The power pack is
attached to a
24"
x
40"
pallet.
The container has several interesting features to help in packing
and unpacking: the lid has Velcro latches which secure it to the container,
the inserts have handles to allow for easy removal, and the power pack has
doors that swing out to allow for easy access to the bottom part of the
container. (See Figures 5-7.)
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Figure 5 PETG tray in reusable insert
19
Figure 6 Reusable power pack - open
20
Figure 7 Reusable power pack - closed
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Material Data Inventory
The following materials are used in the reusable package for the
shipment of 1,500 motors. All of the materials are reused except the PE
bagwhich is disposed of after each shipment.
Table 3
Pkg mtl. Dimension
PET tray
13.5"
x
9"
x
1.75"
PE 2 mil bag
15"xll"
Corrugated tray
37.75"
x
21.25"
x
6"
Polyurethane pad
36.25"
x
20.25"
x .32 lbs
Corrugated ctnr
24"
x
40"
x
24.5"
Wood pallet
24"
x
40" 5"
Sub-total 116.38 lbs
*Actual total per shipment 17.5 lbs
In calculating the actual material usage per shipment each material is
divided by 10 (to allow for 10 reuse trips) except for the PE bag.
(Total weight - PE bag) / 10 + PE bag = material usage.
Weight Qty Total #'s
.35 lbs 60 21 lbs
.125 60 7.5 lbs
5.9 lbs 4 23.6 lbs
4 1.28 lbs
35 lbs 1 35 lbs
28 lbs 1 28 lbs
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Cost Estimate
The following costs for the reusable package are calculated per
motor. A conservative rate of 10 return trips is being used for this
estimate. It is not uncommon for a container similar to this design to last
more than 20 trips.6
Table 4
MTL MTL$
PET tray ($2.25
PE 2 mil bag* ($0.40
Corrugated tray ($15 . 75
Corrugated ctnr ($145
Wood Pallet ($6.50
Shipping cost ($95
Disposal cost ($0.35 x 1(
Return shipping ($78
Total cost per part
* The PE bag is not reusable
QTY/PER TRIPS $ PER MOTOR
/ 25 /10) $0,009
/ 25) $0,016
/ 375 /10) $0,004
/ 1,500 /10) $0.02
/ 1,500 /10) $0,001
/ 1,500 /10) $0,063
3.5 c.f. / 1,500 / 10) $0,001
/ 1,500) $0,052
$0,166
6 A reusable packaging system similar to this design was implemented by IBM
San Jose in 1992. These containers have lasted over a year before needing
replacement. The estimated amount of reusable trips was based on the quantity of
shipping labels pasted over one another. The number of layers of labels ranged from
15 to 45.
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Test Performance
The following testing procedures were performed on the spindle
motor reusable package. These tests verify the performance of the
container and qualify its withstanding the types ofvibration and shock
levels encountered during the normal shipping cycle. The tests will also
verify that the reusable container is at least equal to the disposable
package in shock and vibration protection.
Vibration
A sinusoidal sweep was performed for 10 minutes from 2 to 200 to
2 Hz with an acceleration input of 0.3 G's. Two major frequencies were
found at 16.2 Hz and 43.1 Hz. The container was submitted to a 10
minute dwell for each major frequencywith an acceleration input of 0.5
G's. The containerwas then submitted to random vibration for 15
minutes with an input of 1.039 G's. See data, Appendix A-3, A-10, A-14.
Shock
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Two vertical drops at 10 inches and 10 vertical drops at four inches
were performed. See data, Appendix A-3, A-23 to A-29.
Test Results
The motors were inspected and characterized before the tests, and
reinspected after the tests were completed. The inspection consisted of
measuring the acoustic performance of each motor. No change in motor
performance was seen, and all of the motors met the criteria of 43 dB ,
which is the vendors specified noise level for the motor. See data,
Appendix A-30 to A-34.
A comparison was made between the two groups of tested motors
and no difference was seen. If the motors had bearing damage as a result
of shipping inputs, the acoustic results would have higher dB levels than
recorded.
In conclusion, there is no evidence indicating either group ofmotors
was damaged mechanically. Both types of packaging (reusable and
disposable) provided sufficient protection from damage by the simulated
distribution environment that was created in the lab.
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Summary Facts for Reusable Package
The reusable package dimensions are
24"
x
40"
x
29.5"
and the
container holds 1,500 motors. The shipping density is 93.8 motors per
cubic foot. The waste generated per part for the reusable container is
0.012 lbs or 0.001 cubic feet. The cost per part for shipping, packaging
materials and disposal is $0,166. The reusable container provides
excellent shipping protection.
26
CHAPTER 4
COMPARISON STUDY
In comparison to the disposable container, the reusable container
uses 0.224 cubic feet less packagingwaste per part. With a 5,000 DGR
(Daily Going Rate) the reusable container avoids 1,120 cubic feet ofwaste
per day, 408,800 cubic feet per year or a total of 2,044,000 in five years
(the expected life of the program).
The weight difference of the packaging waste generated by the
reusable package is .0545 pounds less than the disposable package per
part. This translates to 272.5 pounds per day; 99,463 pounds per year; or
497,313 pounds in five years.
The reusable container costs $0,057 less per part. Using the same
DGR of 5,000, the reusable container can save $285 per day; $104,025 per
year; or a total of $520,125 in five years.
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CHAPTER 5
CONCLUSIONS/RECOMMENDATIONS
The source reduction achieved by the reusable packaging system
over the life of the program (estimated at 5 years) is over two million cubic
feet of packaging waste. A method to help visualize this quantity of
packaging waste is to convert the cubic feet to a mental picture. Most
people can visualize a football field in their mind. A football field is 300
feet by 160 feet7 or 48,000 square feet. Using this method the amount of
packagingwaste avoided by the reusable system is equivalent to a football
field over 42 feet deep!!
By using 100% post-consumer corrugated board in the design an
additional source reduction technique is being utilized. Using post-
consumer material helps close the loop in recycling by creating a market
for the collected waste. Source reduction is achieved by avoiding use of
virgin materials in the manufacturing process of the corrugated board.
Pick, J. B. Dictionary ofGames. New York, Philosophy Library 1952
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Producing corrugated from waste paper uses less energy and water, and
has less impact on the environment.
The shipping density for the reusable package is twice that of the
disposable container. This conserves materials, warehousing space and
transportation fuel.
In addition to source reduction the reusable spindle motor package
has the potential to save over $500,000 during the life of the program.
This cost savings is very important in implementing a reusable system due
to the large initial investment needed to buy the reusable containers. The
estimated number of containers needed to fill a 30 day pipeline for this
motor at 5,000 DGR is 100 containers. At approximately $215 per
reusable container the initial investment needed would be $21,500. It is
important to have a long production life and consistent volumes in order
for a reusable packaging system to be successful. A short production life
can mean the reusable containers never reach their estimated number of
reuses. If the volumes are not consistent it can become difficult to have
the reusable containers returned to the vendor in time for their shipments.
Erratic volumes and a short production life can be disastrous to a reusable
system.
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The cost savings and the waste estimates are all based on the
reusable system having 10 reuse trips per package. A reusable package of
similar design was implemented more than a year ago; a majority of those
containers have been reused over 30 times between San Jose , California
and Guadalajara, Mexico. The 10 reuse trips for the spindle motor
package is a conservative estimate and the containers are expected to last
much longer than 10 trips. The reason the trips have been understated is
because 10 reuse trips is believable. If the cost savings were based on 30
trips, management would be skeptical and it would be more difficult to
obtain approval for implementation. Perception is a powerful element to
overcome when presenting a reusable packaging alternative.
A reusable system is dependent on the departments, the workers
and the vendors receiving a benefit from the container. If the reusable
system is seen as extrawork, worry and expense with no benefit then it can
quickly fail. It only takes one person to throw the container away. One
way of encouraging cooperation is to offer features in the reusable system
that make packing, unpacking and shipping easier. A disposable package
is typically shipped to the end user knocked down. This requires setting
the packaging up, taping, and attaching it to a pallet. The reusable system
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designed for the spindle motor is always set up, and never requires
assembly. The reusable design provides hinged doors on both sides of the
container which allows for easy packing and unpacking of the motors.
Velcro latches are part of the design for attaching the lid to the container
which makes it easy to close. These ergonomic features provide a benefit
to the workers who handle the package, both at the vendor and at the
manufacturing site.
Designing the container for modular use is also a recommended
feature, if it can be done. The container designed for the spindle motor
can also be used for two other electronic components. This allows more
flexibility in planning container usage, and also allows for utilizing the full
life of a container even if one of the components becomes obsolete.
Implementing a reusable container is not easy. It requires constant
attention to make sure the empty containers are returned. At some point,
worn out containers must be replaced and at least one person must be
responsible for inspecting containers on a routine basis. Once a reusable
packaging system is in place and working smoothly, and once the cost
savings and source reductions are realized, the "throw mind set of
the manufacturingworker and management diminishes.
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Once a reusable container system has been in place for awhile,
many manufacturing workers enjoy keeping track of the containers and try
to make them last 30, 40 or even 50 trips. Some of the reusable packages
that have been shipped more than 30 times look like they are unusable,
with tape and labels holding them together but they still work. These
geriatric packages have even found a life after they are no longer able to
ship parts by being used as internal storage containers and for moving
parts from one department to another.
Reusable containers are not always the best solution as a packaging
alternative. The requirements of consistent volumes, a relatively long
product life and reasonable return shipping rates are necessary for a
successful reusable packaging system. When these requirements are met,
then a reusable system is the best solution. Although a reusable packaging
system may involve more effort, the rewards are significant source
reduction , cost savings and a positive impact on the environment.
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SUBJECT: Spitfire Spindle Motor Package.
Package Test Report Number 94-09.
REFERENCE: Corporate Specification C-H 1-9711-005.
Package IBM Products, Testing for Shipment.
1. OBJECTIVE:
This is an evaluation ship test on Spitfire Spindle Motors vendor shipping
container and IBM reusable container, to verify the performance of the con
tainers, and to qualify its for withstanding the types of vibration and shock
levels encountered during the normal shipping cycle.
2. PRODUCT PACKAGE DESCRIPTION:
The test containers are:
- A vendor shipping container and a tray of 25 spindle motor P/N: 45G9579
were used for test, the container when fully loaded contain 2000 motors and
weight approximately 294 lbs.
(see attachment 1)
- An IBM reusable container and a tray of 25 spindle motor P/N: 45G9579 were
used for test, the reusable container when fully loaded contain 1500 motors and
weight approximately 220 lbs.
(see attachment 2)
A-l
3. TEST DESCRIPTION:
Test levels and procedures per Corp. Spec. C-H 1-9711-005.
3.1 INSTRUMENTATION:
An acclerometer was installed on top of motor tray.
(See pictures)
3.2 VIBRATION:
3.2.1 Test Equipments:
- Vibration Table: Lansmont Model 7000-10.
- Maximum stroke: 2.5 Inches.
- Maximum force: 7000 lbs.
- Maximum frequency range: 1-300 Hz.
- Maximum "G" input: 2 G's zero to peak.
3.2.2 Test Data:
- Vibration test apply on vertical axis .
3.2.2.1 Sinusoidal sweep test:
Sweep range: 2 - 200 - 2 Hz Sweep rate: 1 Octave per minute.
Acceleration input: 0.3 G's Test time: 10 minutes.
- Major frequencies:
Frequency Transmlssibility G's Level
Vendor 22.1 Hz 24.3 (Q) 7.29 G's
Container 90.3 Hz 14.5 (Q) 4.35 G's
IBM reusable 16.2 Hz 6.7 (Q) 2.01 G's
container 43.1 Hz 8.0 (Q) 2.40 G's
3.2.2.2 Dwell test:
Vendor container:
Frequencies: 22.1 Hz and 90.3 Hz.
Acceleration input: 0.5 G's
Test Time: 10 minutes each frequency.
IBM reusable container:
Frequencies : 16 . 2 Hz and 43 . 1 Hz .
Acceleration input: 0.5 G's
Test Time: 10 minutes each frequency.
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3.2.2.3 Random Vibration:
Test equipment: Lansmont Model 7000-10
Controller : Lansmont Touch Test Controller System
Input: 1.039 G's RMS Tolerance band at + , -3dB
Test axis: Vertical Test time: 15 minutes. Control Spectrum: IBM
Corporate Specification.
Frequency (Hz")
2.0
4.0
8.0
40.0
55.0
70.0
200.0
PSD Level fG2/Hz1
0.001000
0.030000
0.030000
0.003000
0.010000
0.010000
0.001000
3.3 SHOCK:
3.3.1 Test Equipments:
- Shock table:
- Pulse duration:
- Maximum acceleration:
- Maximum weight:
3.3.2 Test Data:
Drop height Velocity Change
Lansmont Model 152/168.
2-60 msec
600 G's
2000 lbs.
Orientation No. of drop
10 inches
4 inches
87.7 in/sec
55.5 in/sec
Vertical
Vertical
2
10
Container /Drop No. Peak G's JSfelo.c ity_Qhange_ Time Duration
Vendor container
- 1st 10 in drop
- 2nd 10 in drop
- 1st 04 in drop
- 10th 4 in drop
IBM reusable container
47.85
46.88
30.76
31.98
113.9 ips
92.8 ips
118.6 ips
46.9 ips
14.59 ms
14.59 ms
22.78 ms
17.15 ms
1st 10 in drop 64.45 123.5 ips
2nd 10 in drop 58.59 88.4 ips
1st 04 in drop 34.67 104.9 ips
10th 4 in drop 46.88 75.0 ips
14.34 ms
12.03 ms
24.06 ms
16.13 ms
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4. TEST RESULTS:
Visual check post test showed no external damage on both of the containers
and the apllets.
The components will be functional inspected and tested by HDA Product De
velopment Engineering Department.
CUNG P. DANG
Senior Lab Specialist
Package Test Laboratory
947/004
cc:
Allen Perry 947/043B
Will Perry 947/043B
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SpindleMotor
Vendor Package
A-5
Spindle Motor
IBM/Reusable Package
A-6
IBM/SSD - SAN JOSE
SINE SWEEP SEQUENCE
Setup ID: 0.3 g 2-200-2 hz isw ioct/min
Current Status
Lower Frequency Limit: 2.0 Hz
Upper Frequency Limit: 200.0 Hz
Startup Frequency: 2.0 Hz
Sweep Rate: 1 .00 Oct / Min
Number of Sweeps: 1
Sweep Type: Log
A-7
IBM/SSD - SAN JOSE
Setup ID: 0.3 g 2-200-2 hz isw ioct/min
page 1 of 1
Frequency
Hz
Input
Level
Control
Mode
Alarm Abort
db db
2.0
200.0
0.300000
0.300000
G's 0-PK
G's 0-PK
5.00
5.00
10.00
10.00
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IBM/SSD - SAN JOSE
Plot ID: SPITFIRE SPINDLE MOTOR SHIPPING PACKAGE
Not**: Sine Swoop from 2 to 200 HZ.
1 Octave par minute, 0.3 G's input.
10 minutes.
Spitfire Spindle Motor Package.
2000 Spindla motors.
Weight approx. 294 lbs.
10:10:43 AM
05-23-1994
Setup ID: 0.3 G 2-200-2 HZ 1 SW 1 0CT/MIN
Data ID: Top of Motor
CONTROL SPECTRUM
Swttp: 1 of 1
40
Transmissibility
I &=
-fYmdT ff
I
4=H -!
I
I
Msrk.r 1:
22.14 Hz
24.282927Q>
O.OOOOE+OOQ <-
Mfc Z:
90.29 Hz
14.495098Q >
O.OOOOE+00 Q <-
Msrk.r 3:
Not Set
M.rk.r 4:
Not Sat
Frequency(Hz) 200
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IBM/SSD - SAN JOSE
Plot ID: SPITFIRE SPINDLE MOTOR SHIPPING PACKAGE (IBM REUSABLEI
Notes: Sine Sweep from 2 to 200 HZ.
1 Octeve per minute. 0.3 G's input.
10 minutes.
Spitfire Spindle Motor Package.
IBM Reusable container (Perry cntr.)
1500 Motors in container.
Weight approx. 220 lbs.
202:18 PM
05-23-1994
Setup ID: 0.3 G 2-200-2 HZ 1SW 10CT/MIN
Data ID: Top of Motor
CONTROL SPECTRUM
40
Transmissibility
.1
I I
i j
I y= ! iTrH 1
^~-\
7*=f,
s \ / s.y \ / \ I I\
N J \ ! 1
\ ! 1
I
1
\ ! 1
-*vM\
-\-
it i\i \ f\\ 'VI,\ ' 1 v\ i! 1
I
i
\ 1
Marker 1:
16.17 Hz
6.69287SQ>
O.OOOOE+OOQ <-
Merker 2:
43.09 Hz
7.9853300>
O.OOOOE+OOQ <-
Marker 3: - :
95.44 Hz
1.124088Q>
O.OOOOE+OO O <-
Merker 4:
123.65 Hz
1.098039Q>
O.OOOOE+OOQ <-
Frequency(Hz) 200
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IBM/SSD - SAN JOSE
Setup ID: ibm corporate specification
Demand: 1.04 Grms page 1 of 1
Frequency
Hz
PSD
G2 per Hz
Slope
db per oct
Alarm Abort
db db
2.0
4.0
8.0
40.0
55.0
70.0
200.0
0.001000
0.030000
0.030000
0.003000
0.010000
0.010000
0.001000
14.72
0.00
-4.29
11.34
0.00
-6.58
0.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
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IBM/SSD - SAN JOSE
Plol ID: SPITFIRE SPINDLE MOTOR SHIPPING PACKAGE
Notes: Random Vibration
Laval: 1 .04 G's RMS.
1 5 minutes.
Spitfire Spindle Motor Package
2000 Motors in package.
Weight approx. 294 (bs.
10:26:36 AM
05-23-1994
Setup ID:
Data ID:
IBM CORPORATE SPECIFICATION
CONTROL SPECTRUM
Dmd Level:
Average :
1 .04 Grms
1.01 Grms
Elapsad @ Laval:
Total Elapsad Tim*:
0: 7: 29
0: 8: 58
PSD
G2 per Hz
.00001
Marker 3:
Not Set
Marker 4:
Not Set
Frequency(Hz)
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IBM/SSD - SAN JOSE
Plot ID: SPITFIRE SPINDLE MOTOR SHIPPING PACKAGE
Notes: Random Vibration
Level: 1.04 G's RMS.
15 minutes.
Spitfire Spindle Motor Package
2OO0 Motors in package.
Weight approx. 294 lbs.
10:32:47 AM
05-23-1994
Setup ID: IBM CORPORATE SPECIFICATION
Data ID: Top ofMotor - Vertical.
Dmd Level:
Average:
1 .04 Grma
1.00 Grms
Elapsed @ Level:
Total Elapsed Time:
0: 13:41
0: 15: 11
10
PSD
G2 per Hz
.00001
Marker 3:
Not Set
Marker 4:
Not Set
Frequency(Hz)
a-i:
IBM/SSD - SAN JOSE
Plot ID: SPITFIRE SPINDLE MOTOR SHIPPING PACKAGE (IBM REUSABLE)
Notes: Random Vibration
Laval: 1.04 G's RMS.
15 minutes.
Spitfire Spindle Motor Package.
IBM Reusable container (Perry) cntr.)
1 500 Motors in container.
Weight approx. 220 lbs.
2:33:30 PM
0S-23-1994
Setup 10: IBM CORPORATE SPECIFICATION
Data ID: Top of Motor - Vertical.
Dmd Level: 1 .04 Grms Elapsed @ Laval:
Average: 0.77 Grms Total Elapsed Time:
0: 10: 22
0: 11:51
10 W
PSD
G2 per Hz
.00001
z
E
=^
-<ysv*\
z 'j ^^\.^" \^
-
/ /
y -^ ^*lVyiu\\
// ^^W-
z
Marker 1:
Not Set
Marker 2:
Not Set
Marker 3:
Not Set
Merker 4:
Not Set
Frequency(Hz) 250
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Date
TEST ITEM
ORIENTATION
Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 2 3 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
10 Inches
Vendor PKG
Sensitiuity :
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch.
Polarity
Level :
Mode
Pretrigger
ALL
: Uindou
49.80 g'
ingle Euent
20 V.
CH TIME CUR AMP PEAK 1W 1ST INT 2ND INT TINE/DIU
1 2.56 nS 30. 27 ff's 207 .03 sr's 103 .75 In/s 12.8 mS
2 14.59 mS -1. 95 g's 47 .85 g's 113 .94 In/s 12.8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
First 10 inches drop.
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SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Date
TEST ITEM
ORIENTATION
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
10 Inches
Vendor PKG
1000; j 4 4i"|i;4"=rir|;4;"iii"ii"i^ii""ii ...4.4..;
7T" "***t t * *r* *? . .**r*T"*r * . * *r :'"~'"?'~.":'~.
4 f"'f"!":4fH 1 -ff! 44- 4 f-j-f fvff-f i 4--4-4-4-:-4f-
100_ -4-':--Lj4-yv 4 ^^i-^-:ih\ 4 4...4-4-4-:-44-
ff" 4 4-.-4-44-:-4 f4 1 i.4-..4-4-:-4-4-
10
4 i--!/f-fvfH 1 ff- 4 4....4--4-4-:-4-;4 4 4 1 -4 -4 -;-4-f
1 i i i""i'"i"j"i'jfj i ' '
10 100
Frequency (Hz)
1000 10000
Channel Number= 2
Damping =0.05
Max Type = Maxi-Max
Model = Acceleration
Plot = 6th Bet.
Samples from Screen
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
First 10 inches drop.
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Date
TEST ITEM
ORIENTATION
Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
10 Inches
Vendor PKG
Sensitiuity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch. : ALL
Polarity : Uindou
Leuel : 49.80 g'
Mode :siiiiin^iis.'j^i.'
Pretrigger : 20 V.
CH TIME CUR AMP PEAK IWP 1ST INT 2ND INT TIME/DIU
1 2.30 mS 0 73 g's 207 .28 g's 104 .40 In/s 12 .8 mS
2 14.59 nS -0 49 g's 46 .88 g's 92 .78 In/s 12 .8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
Second 10 inches drop.
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Date
TEST ITEM
ORIENTATION
SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
10 Inches
Vendor PKG
1000 :
4 4 ..4..;.4.ii"""..'""i!:;;"i;": 4-I-44 """ii^ii;ii"i;;iii;:;in";:;";"":i";::"i:::4:::i:i:;;ir
100_
4 4 4-:-444 4 j "TYi44 4 4--4-4-f4444 4 i.-.j.-.j-.i..;..:.;..
.
j j
-ffv" ? i....i...i..i..\.i.*i | 4-4;..i..\.i.:r
-
Vt^h-*& \/4\/^-4-4--:444---^v 444-4--J-44-
- 4 4 -4|4-M- 4 4 4--:-4 44 4 4-4-4-4-:-444 4 4-.-4I-_i-;-4.i-
10_
: : : :::::::: : ::>;::::
i\^ 4 4- 44 4 4 |-4-4-:444 j 4....4...4..4..:44-
1 ' i i
10 100
Frequency (Hz)
1000 10000
Channel Number= 2
Damping = 0.05
Max Type = Max i-Max
Model = Acceleration
Plot = 6th Oct.
Samples from Screen
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
Second 10 inches drop.
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Date
TEST ITEM
ORIENTATION
Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
Vendor PKG
Sensitiuity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch. : ALL
Polarity : Uindou
Leuel : 49.80
g'
Mode :sii,,Ti,n-*|i.m'
Pretrigger : 20 v.
CH TIME CUR AMP PEAK (W 1ST INT 2ND INT TIME/DIU
1 3.07 mS -57. 37 g's 140 .87 g's 56 .37 In/s 12 8 mS
2 22.78 mS 2. 20 g's 30 .76 g's 118 .55 In/s 12 8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
First 04 inches drop.
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SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Date
TEST ITEM
ORIENTATION
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
Vendor PKG
1000;eeje.33435
--- .......
..:.i. .i i e.'.i.i.-
T
...-.._.......
4 -f-ffvff- 4 4 if -4 \ iff- 4 4-4-:44-
100_
4 4-ff:-44- 4 4 vf -4 4 "ifr 4 - ...4..4..J.44.
t : -rf-y-r-f-
4 4/-
"l"j-f-
7 -r-rvrr
-4/- M
10
^ : : : :
4 f-f-bHf- -4 4 -:-4-f 4 -4-4-:f4-
1 *
i""j"'i"j"j'jr' d d ri '"' '
10 100
Frequency (Hz)
1000 10000
Channel Number= 2
Damping =0.05
Max Type = Maxi-Max
Model = Acceleration
Plot = 6th Bet.
Samples from Screen
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
First 04 inches drop.
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Date
TEST ITEM
ORIENTATION
Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
Vendor PKG
Sensitivity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch
Polarity
Leuel :
Mode :
Pretrigger
: ALL
: Uindou
49.80 g'
ingle Euent
20 /.
CH
1
2
TIME
3.58 mS
17.15 mS
CUR AMP
-109.13 g's
-5.37 g's
PEAK AMP
136.72 g's
31.98 g's
1ST INT
56.10 In/s
45.96 In/s
2ND INT TIME/DIU
12.8 mS
12.8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
Tenth 04 inches drop.
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Date
TEST ITEM
ORIENTATION
SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
Vendor PKG
1000;
--4-4-4--:-444 4""4ZI!4!4;XI 4 4
....f...
44 444 4 4....1.i-4-:4-4
100_
4--4 fl-ff4 4 4--|-4-4--!4- -4 4 4 - -4-I4-44 4 4....j...4..4..;.4.j-
i
.
4'-44":44f-"/""^|"V4""f-"4"4":4-
4 4 -4-- f:444 4 4-4-4-4-I44-
7 -V-4
j4^/H4^
-^.^^^4^444^
10
: : : : : : : :;:::
...._ _.._.._._j:._
^ ^
. _..^..._. "7 T _ .._.._._..._ _ _
......._._.y.
1 "" i""i"'i"i"i'ifj i i g
. . . .j . . .j . . j. .j .
10 100
Frequency (Hz)
1000 10000
Channel Number= 2
Damping =0.05
Max Type = Maxi-Max
Model = Acceleration
Plot = 6th Oct.
Samples from Screen
Remarks :
Instrumentation: CH 1= Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 2000 motors in package, approx. weight 294 lbs.
Tenth 04 inches drop.
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Date
TEST ITEM
ORIENTATION
Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
10 Inches
IBM PKG
Sensitiuity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch. : ALL
Polarity : Uindou
Leuel : 49.80 g'
Mode :-irii'H-.vinui
Pretrigqer : 20 V.
CH TIME curt AMP PEAK 1W 1ST INT 2ND INT TIME/DIU
1 3.07 mS -76. 17 g's 213 .87 g's 88 .85 In/s 12.8 mS
2 14.34 mS 2. 20 g's 64 .45 g's 123 .50 In/s 12.8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
First 10 inches drop.
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Date
TEST ITEM
ORIENTATION
SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
10 Inches
IBM PKG
1000 : E:S::^ . ..'.Ji.Li .1 X 1 i..Ji..'.Ji.LJi .1 : : :..^..:.i.i..
4-4 4-4-;444 4 4-4 - -:444 4 4-4-4-f:444 4 4-44-4->4.-;..
100_
4"4-44-:444 4 jf- 4444 4 4--4-4-4-I444 4 4....4...4..4..J.44.
1
4--4-J ]-|-444 4 f-fp ,^44-sr -i ~-...|vip!p|j.^ .4^/!S4i^.;..^.^..i..j.,...
4-4-4-4-:444 -/4 4-4-- :444 4 4-4-f4-:4-44 4 4....44.-4--:-44-
10_
4-4-4^:444 4 4-4-- ;444 4 4-4-4-4-;j44 4 4....4...4..4..J.44.
1 *
10 100
Frequency (Hz)
1000 10000
Channel Number= 2
Damping =0.05
Max Type = Max i-Max
Model = Acceleration
Plot = 6th Oct.
Samples from Screen
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
First 10 inches drop.
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Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Date : Mon May 2 3 1994 TEST ENGINEER : CPD
TEST ITEM : SF Spindle motor DROP HEIGHT : 10 Inches
ORIENTATION : Vertical drop PACKAGE : IBM PKG
Sensitiuity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch. : ALL
Polarity : Uindou
Leuel : 49.80 g'
Mode : <iiimi**',. -mi
Pretrigger : 20 X
CH TIME CUR AMP PEAK 1W 1ST INT 2ND INT TIME/DIU
1 3.33 mS 64 45 g's 211 .18 g's 91 .05 In/s 12.8 mS
2 12.03 mS -11 96 g's 58 .59 g's 88 .44 In/s 12.8 mS
Remarks :
Instrumentation: CH 1 = Table input;, CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
Second 10 inches drop.
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Date
TEST ITEM
ORIENTATION
Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER : CPD
DROP HEIGHT : 04 Enches
PACKAGE : IBM PKG
Sensitiuity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch. : ALL
Polarity : Uindou
Leuel : 49.80 g'
Mode :-'-m'.'H--li'iHii
Pretrigger : 20 '/.
w\iR^
CH TIME CUP1 AMP PEAK lW 1ST INT 2ND INT TIME/DIU
1 3.58 mS -21. 48 g's 142 .82 g's 81 .65 In/s 12.8 mS
2 24.06 mS 2. 93 g's 34 .67 g's 104 .96 In/s 12.8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
First 04 inches drop.
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SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Date
TEST ITEM
ORIENTATION
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
IBM PKG
1000-
100
*
c
o
a
m
o
a
m
a.
100
Frequency (Hz)
10000
Channel Number= 2
Damping =0.05
Max Type = Max i-Max
Model = Acceleration
Plot = 6th Oct.
Samples from Screen
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
First 04 inches drop.
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Waveform Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Date
TEST ITEM
ORIENTATION
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
IBM PKG
Sensitivity:
Ch. 1:100.00 g's/Diu
Ch. 2:100.00 g's/Diu
Filter:
Trig. Ch. : ALL
Polarity : Uindou
Leuel : 49.80 g's
Mode n-HiI'JU^L'hi.-I
Pretrigger : 20 v.
CH TIME CUR AMP PEAK AMP 1ST INT
1 4.10 mS -71.53 g's 139.65 g's 75.03 In/s
i 2 16.13 mS 5.13 g's 46.88 g's 75.01 In/s
2ND INT TIME/DIU
12.8 mS
12.8 mS
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
Tenth 04 inches drop.
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Date
TEST ITEM
ORIENTATION
SRS Test Report
GHI SYSTEMS, INC. TRIAD CAT SYSTEM
Mon May 23 1994
SF Spindle motor
Vertical drop
TEST ENGINEER
DROP HEIGHT
PACKAGE
CPD
04 Inches
IBM PKG
1000
4 ....i..i..:.i.ii i i....i...ii..:.i.i
......-.-_.-.
X X i I i..l..:. l.L.
4 4-44444 4 j.-i.-.j.fijf 4 4 4-4-4-:4- 44 4 4-.4-4-4444
100_
4 -4-I44J 4 4-44--4-|-4-i 4 4 -4-4-444-
4 --rvrn /: -WRi-viT7 f -4-4-4-:4- -4 4 4.4--44:-4-f-
10
: : ::-::::
4 -4- 4/444 4 4....]...j..4..;..h. 4 : j.... 4. ..4.4.44.4.
1 * i i
10 100
Frequency (Hz)
1000 10000
Channel Number= 2
Damping =0.05
Max Type = Maxi-Max
Model = Acceleration
Plot = 6th Oct.
Samples from Screen
Remarks :
Instrumentation: CH 1 = Table input; CH 2 = Response acclerometer on top of
motor. Spindle P/N: 45G9579; 1500 motors in IBM reusable package (Perry cntr.)
Approx. weight 220 lbs.
Tenth 04 inches drop.
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From: KCGREEN --SJMVM14 Date and time 06/03/94 16:15:13
To: POTTS --SJMVM15 Potts, Charles
From: Kent Green
Subject: Motor Acoustic Test
ACOUSTIC TEST REPORT: 94-16
ENGINEER: Kent Green, 256-3797, (KCGREEN) SJMVM14
TECHNICIAN: Steve Baldwin, 256-2261, (SBALDWIN) SJEVM5
PRODUCT: Spitfire Motors
DATE: 6/3/94
LOCATION: San Jose Acoustic Lab
PRODUCT DESCRIPTION:
Spitfire motors acoustically tested per Nidec's technique, suspended by
strings 30 cm from a single microphone.
TEST OBJECTIVE:
To compare acoustic performance of two groups of motors after each
had been subjected to dynamic shipping inputs in different packages.
CONCLUSIONS:
There is no acoustic difference between the two groups of motors, and
all of the motors meet the vendor criteria of 43 dBA. Additionally,
the motors are just slightly better than a sample measured in 12/93.
If the motors had bearing damage as a result of shipping inputs, the
acoustic results would not be as consistently good. In conclusion,
there is no evidence indicating either group of motors was damaged
mechanically. The two sets of data from this test plus the data from
12/93 have been attached for your information.
TEST DATA:
DESCRIPTION: SPITFIRE MOTOR PACKAGING EXPERIMENT.
DATE: JUNE 3,1994
COMMENTS: NIDEC PACKAGING.
RUN S/N BEL
1 TJMC 3.33
2 TJMF 3.83
A -30
3 TJMK 3.55
4 TJMM 3.33
5 TJMP 3.41
6 TJMQ 3.32
7 TJMV 3.50
8 TJMZ 3.93
9 TJNO 3.75
10 TJN1 3.52
LpAm 3.55
(SP)p 0.21
(Sr)p 0.08
k 2.07
k(St)w 0.46
LpAu 4.01
LpAspec
DESCRIPTION: SPITFIRE MOTOR PACKAGING EXPERIMENT.
DATE: JUNE 2,1994
COMMENTS: IBM PACKAGING.
RUN S/N BEL
1 TJN6 3.57
2 TJN9 3.62
3 TJNC 3.72
4 TJNF 3.40
5 TJNK 3.45
6 TJNM 3.52
7 TJNP 3.16
8 TJNR 3.65
9 TJNV 3.69
10 TJNZ 3.91
LpAm 3.57
(Sp)p 0.19
(Sr)p 0.08
k 2.07
k(St)w 0.43
LpAu 4.00
LpAspec
DESCRIPTION: SPITFIRE MOTOR SCREEN
DATE: DEC 3, 1993
COMMENTS: SPITFIRE MOTORS FROM VENDOR AS COMPONENTS.
RUN S/N Bel
A-31
1 C3D0 3.50
2 C3D1 3.34
3 C3D2 3.86
4 C3D3 3.43
5 C3D4 3.53
6 C3D5 3.52
7 C3D6 3.53
8 C3D7 3.36
9 C3D8 3.79
10 C3D9 3.45
11 C3DB 2.98
12 C3DC 3.49
13 C3DD 3.57
14 C3DF 3.58
15 C3DG 3.41
16 C3DH 3.37
17 C3DJ 3.73
18 CEDK 3.20
19 C3DL 3.47
20 C3DM 3.38
21 C3DN 3.25
22 C3DP 3.70
23 C3DQ 3.55
24 C3DR 3.53
25 C3DT 3.33
26 CEDV 3.28
27 C3DW 3.80
28 C3DX 3.25
29 C3DY 3.53
30 C3DZ 3.57
31 C3F0 3.55
32 C3F1 3.64
33 C3F2 3 . 60
34 C3F3 3.62
35 C3F4 3.48
36 C3F5 3.35
37 C3F6 3.34
38 C3F7 3.71
39 C3F8 3.75
40 C3F9 3.64
41 C3FB 3.43
42 C3FC 3.66
43 C3FD 3.67
44 C3FF 3.71
45 C3FG 3.78
46 C3FH 3.53
47 C3FJ 3.58
48 C3FK 3.59
49 C3FL 3.34
50 C3FM 3.58
51 C370 3.89
52 C371 3.37
53 C372 3.76
54 C373 4.16
55 C374 3.77
56 C375 3.79
57 C376 3.58
58 C377 3.35
A -32
59 C378 3.83
60 C379 3.74
61 C37B 3.59
62 C37C 3.22
63 C37D 3.64
64 C37F 3.41
65 C37G 4.10
66 C37H 3.49
67 C37J 3.89
68 C37K 3.51
69 C37L 3.70
70 C37M 3.74
71 C37N 3.48
72 C37P 3.45
73 C37Q 3.56
74 C37R 3.81
75 C37T 3.39
76 C365 4.18
77 C366 3.63
78 C367 3.86
79 C368 3.62
80 C369 3.45
81 C36B 3.93
82 C36C 3.60
83 C36D 3.87
84 C36F 3.93
85 C36G 3.90
86 C36H 3.65
87 C36J 3.62
88 C36K 3.71
89 C36L 3.79
90 C36M 3.80
91 C36N 3.89
92 C36P 3.61
93 C36Q 3.88
94 C36R 3.91
95 C36T 3.77
96 C36V 3.70
97 C36W 3.85
98 C36X 3.46
99 C36Y 3.61
100 C36Z 3.36
LpAm 3.61
(Sp)p 0.21
(Sr)p 0.08
k 1.87
k(St)w 0.43
LpAu 4.03
LpAspec
INSTALLAION/MOUNTING :
The motor is suspended by 3 strings 30 cm from a single mic. No inertial
mass is used, and a Nidec motor controller drives the motor.
POWER:
A -33
12 VDC used to drive the Nidec controller, voltage.
TEST EQUIPMENT:
BK 2131 Digital Frequency Analyzer, sn 957408
BK 2811 Multiplexers, sns 1163124, 1100649
BK 5855 Filter, sn 1468337
BK 2639 Microphone Preamplifiers
BK 4165
0.5"
Microphones
BK 4220 Pistonphone, sn 817121
Stanford Research SR760 Spectrum Analyzer, sn 14181
IBM 5150 Personal Computer, sn 195447
ECKEL Hemi-anechoic Acoustic Chamber, sn 9032
FREQUENCY RANGE: 100 to 10 KHz 1/3 Octave Band
CALIBRATION TYPE: Pistonphone, 124 dB nominal at 250 Hz
Barometric Correction Factor: OdB
PRE-TEST CALIBRATION: SIBitial)
Kent Green 276-3797
Mechanical and Component Analysis
H99/026 San Jose
cc: SBALDWIN--SJF.VM5 Steve Baldwin AMPERRY --SJMVM14
A -34
